high/low temperature • 1978 first computations by Hart (including the increase of luminosity)  a very small continuously habitable zone (CHZ) in the Sosys and no CHZ for low-mass stars
• CHZ of Hart is too small -he ignored important effects
• Carl Sagan
In the early 1990s James Kasting et al:
• took into account the effects of albedo and greenhouse gases
• they used a climate model to estimate the width of the HZ around our Sun
• for other main sequence stars
•  requirements for Earth-like planets: (i) CO2 /H2O/N2 atmospheres (ii) presence of liquid water on the planet's surface
The study of Jones et al. (2005)
• Boundaries for the HZ originating with Kasting et al. (1993) • Inner boundary is the maximum distance from the star at which a runaway greenhouse effect would lead to the evaporation of all surface water
• Outer boundary is the maximum distance at which a cloud-free CO2 atmosphere could maintain a surface temperature of 273 K based on the definition given by Kasting et al. (1993) .
Habitable Zone
• This zone depends on:
-the spectraltype , the mass , the age, …. of the star -the orbit of the planet -the mass, the composition, the atmosphere , ……of the planet -the parameters of other planets in this system (mass, orbit, …)
Determination of the boundaries fig.1 
Boundaries for the HZ of the Sosys
• see fig. 2 • note that using this model Mars would be in the HZ Venus is just interior to the inner boundary
habitable planets in EPS
• see e.g. fig. 3 : (i)determine the HZ with the aid of the stellar evolution model (ii) the influence of the giant planet (2 lines):
one at a distance nint RH interior to the periastron of the giant planet and one at a distance next RH exterior to the apastron RH is the Hill radius of the giant planet and nint/next depend on the eccentricity of the giant planet Some notes on the eccentricity of the Earth-like planet
• Williams and Pollard (Int.J.Astrobiology, 1,p.61, 2002): an Earth would be habitable as long as its semi-major axis remain in the HZ  the habitability limit for e for an Earth is probably between 0.5 and 0.7 • Jones: e usually less than 0.3 and rarely exceeds 0.4
Obtaining RH , nint and next :
• detailed study of 7 systems (see table 1) • orbital computations using mercury integrator package of Chambers  switch to a Bulirsch Stoer integrator when the Earth-mass planet comes within 3RH of the giant planet
• integation time: 1000Myrs
Results
• see fig. 4 and 5
• Table 3 shows the values for the 7 systems  nint and next are sensitive to mG /mstar and aG
• there is broad agreement • some of the orbits that have survived for 1-20 Myrs would very probably not have survived for 1000 Myrs
Conclusion
• somewhat less the half of the 111 EPS could have had an habitable Earth-mass planet for at least 1000 Myrs
• for config. 2 and 4 (hot-Jupiter): habitability if Earth-mass planet can form after the migration of the giant through the HZ
• investigation is needed for the orbital stability of putative large satellites of giant planets moving in the HZ
